The unanticipated increase in vehicle population and heavy axle loads has brought the road network of Bangladesh to a crumbling stage. The network is grossly short of its structural capacity, highly distressed and has started showing signs of premature failure. The RHD (Roads and Highways Department) of Bangladesh uses 8%~10% growth rate of traffic for structural design of these highways that need to be upgraded due to present high traffic volume demand. An attempt has been made through this case study, by using traffic flow data from different computerized toll plaza established in recent times, to predict traffic growth pattern of different highways of Bangladesh. The toll collectors of different computerized toll plaza have been recording and preserving round-the-year continuous flow data in a systematic manner. The study has taken this prospect of utilizing several years of flow data along Dhaka-Chittagong Highway (N-1), Dhaka-Sylhet Highway (N-2), Dhaka-North Bengal Highway (N-5) and found the traffic growth factor of 21.03%, 23.79% and 11.31%, respectively, which is much higher than that transport authority of Bangladesh is currently using. By the use of accurate traffic engineering parameters such as traffic growth factors, it is possible to resist frequent distress of pavement and sustainable pavement management can be implemented by RHD.
Introduction


The study of vehicular flow characteristics is very helpful for developing highway and transportation plans, performing economic analyses, evaluating the performance of transportation facilities and establishing geometric criteria. Increase of growth rate of traffic is a normal incident in developing countries like Bangladesh. Substantial agricultural and economic growth in different sectors during the last 20 years caused considerable increase in passenger and freight movement for the whole country. From the transportation point of view, it is of great importance to investigate the pattern of actual traffic growth trends in all major highway locations in a country. Growth factor of traffic is a vital parameter for prediction of future traffic demand and therefore carries significant importance in terms of planning, designing of new highway facilities, as well as operation and maintenance of existing facilities, toll collection and other related issues.
For the analyses of traffic growth pattern, long duration continuous traffic flow data along a specific location of highway are required [1] [2] [3] . Hence for this case study, traffic data have been collected continuously for a long period along the selected corridors and presented for a number of consecutive days, weeks, months, years etc., then the repetitive nature of the variations has been observed, since the pattern of the daily, weekly, monthly variations is similar for all years, although the actual volumes may not necessary be the same. If there is any external factor, which may influence flow pattern, the cyclic property of yearly flow will not be observed distinctively. As such, before the analysis of vehicular flow, all unusual data will be eliminated from the database to ensure natural periodic variation of traffic stream flow. To achieve this objective, efforts are made to prepare an event calendar by gathering information related to hartal, transport strike, natural calamity, like flood, etc., which are very unpredictable in nature and have the potential to affect the normal pattern of traffic flow. In this regard, officials of various tolls collecting agency and Meteorological Department of Bangladesh are contacted and daily newspapers are consulted.
The raw database is then formatted in line with the objectives of the case study and requirement of statistical software. The features that are analyzed including the determination of vehicular flow, composition, directional distribution, peak hour volume, design hour volume, vehicle wise growth rate, percentage of trucks, flow fluctuations with respect to daily, weekly, monthly, seasonally, yearly, etc.. Considering the economic status of Bangladesh, it is quite understandable that this is an expensive task for the government to take the initiative to set up permanent traffic counting stations at important locations, since the measure requires high fixed and running cost. As a result, the highway authority has never been able to record and preserve the continuous traffic flow data by which an authentic traffic growth pattern or rate could be analyzed. For example, Roads and Highways Pavement Design Guide 2005 sets 8%~10% growth rate for the national highways of Bangladesh that become obsolete now in terms of present traffic flow [4] . However, the compatibility of this value with the actual growth rate can only be compared, if true growth rate analyses can be made on the basis of actual continuous traffic flow data.
Objectives and Scope of the Study
The main objective of this study is to analyze yearly traffic growth factor of three major highways of Bangladesh based on daily traffic flow data and compare those with geometric design standard of RHD (Roads and Highways Department) of Bangladesh.
This study has been performed on: (1) 
Literature Review
Study on traffic flow pattern and its variability over time carries a great importance to understand the characteristics of a traffic stream. Analyses of traffic flow pattern from existing data are performed to determine important characteristics of traffic flow that are used in geometric and structural design of highways, traffic monitoring programs, roadway maintenance and operation, economic evaluation, traffic flow prediction, highway financing, evaluation of safety programs and many other related decision making.
While transport authorities and agencies in many developed countries extensively record traffic flow data through short counting as well as continuous counting stations in order to monitor their trend of traffic growth and changes in traffic characteristics, not many studies have been performed in Bangladesh on traffic characteristics. Previously performed studies in Bangladesh on related topic revealed that similar studies were carried out by Roads and Highways Department, as a part of Development of Geometric Design Standards in 1994, on some important highways [3] . Another similar work was carried out by Road and Railway Division in 1996, Government of Bangladesh [5] .
Rahman [6] performed studies on vehicular flow pattern on Jamuna multipurpose bridge access road in 2002. Zaman [7] 
Data Collection
The traffic data that have been used in this study for the growth pattern analyses are primarily collected from three major toll operation companies of The traffic data have been recorded by the operators by direct entry from the toll plaza and they have been electronically preserved in the main database. These flow data have then been collected from the operators with official permission from RHD of Bangladesh and have been used in this study for performing the required analyses. From the analyses of flow pattern in different time scales, the data have resulted in repetitive nature of flow patterns, which refers that the selected corridors are stable from traffic flow point of view and the traffic data are reliable.
Data Analyses and Findings
In this study, growth pattern of total traffic in three major highways has been analyzed. Yearly growth factors of total traffic have been determined. The following section discusses the traffic growth trend and rates in light of the data analysis.
Growth Rate of Total Traffic on Dhaka-Chittagong Highway (N-1)
From the analyses of yearly traffic volume in Dhaka-Chittagong Highway on Meghna-Gomoti Bridges, it has been revealed that the amount of traffic is increasing at a higher rate. In 2006, the total bi-directional traffic volume was 3,206,277 while it reached almost 5.6 million in the year 2009. Table 1 shows the bi-directional flow volume of each vehicle class as well as total traffic on Meghna-Gomoti Bridges from 2006 to 2009. From Fig. 1 , it can be seen that the total traffic is increasing every year at a significant rate and the pattern maintains almost linear growth of traffic. From the calculation of yearly growth rate, as shown in Table 2 , it is found that, yearly increase in traffic during the study period has Table 1 Yearly bi-directional traffic volume on Dhaka-Chittagong Highway (N-1). Table 2 that the growth rate of total traffic in 2007 was 34.37%, which is much higher than the following years. Therefore, it can be concluded that the traffic growth trend along this corridor is not yet stable. What needs to be mentioned here is that economic growth is not the only governing issue against this growth pattern, but also political stability, government policy, availability of alternate route and shifting of traffic to the study corridor play important roles in this regard.
Growth Rate of Total Traffic on Dhaka-Sylhet Highway (N-2)
Investigation of daily traffic volume in Bhairab-Ashuganj Bridges along Dhaka-Sylhet Highway discloses that traffic along this corridor is not stable yet and needs detail investigation of more years of long-term daily traffic data. Table 3 shows the bi-directional flow volume of each vehicle class as well as total traffic on Dhaka-Sylhet Highway from the year 2007 to 2009. It is seen from the table that individual vehicle class of traffic along this corridor is increasing at a higher rate.
In addition, from the data of Table 4 , a graph is plotted in Fig. 2 The growth rate has been found to be 49.42%, which is much higher than average national growth rate (8%~10%) used in the roads and highways design manual. But in 2009, the traffic volume decreased to 2,124,540 and so the growth factor becomes -1.84%, which is very surprising with respect to Bangladesh condition. However, the average growth rate has been found to be 23.79% per annum in N-2 corridor. 
Fig. 2 Yearly traffic growth on Dhaka-Sylhet Highway (N-2).
Growth Rate of Total Traffic in Dhaka-North Bengal Corridor (N-5)
It is found that, from flow pattern analyses of Jamuna Bridge corridor, although the daily, weekly and monthly flow variation exhibits similar fluctuation pattern, but the magnitude of flow increases every successive year. This indicates that since the stabilization of the corridor, total yearly traffic is gradually increasing. An analysis of traffic growth pattern is important for reliable prediction of future traffic flow by extrapolation method. Moreover, for estimating future traffic for geometric and structural design or prediction of future traffic flow in terms of PCU (passenger car unit) and total ESAL (equivalent single axle load), the pattern of growth rate of traffic is necessary. Tables 5 and 6 show the bi-directional flow volume of each vehicle class along with total traffic on Jamuna Bridge from 2005 to 2009 to understand the true pattern of traffic growth.
In addtion, Fig. 3 plots the total bi-directional yearly traffic volume on Jamuna Bridge against respective years from 2005 to 2009. From the graph, it is clearly seen that yearly traffic growth is almost linear. In 2005, the total yearly traffic volume was 1,930,313. During the next 4 years, it has gradually increased and has become near about 3 million (exact figure is 2,962,192) in 2009. The average growth rate has been found to be 11.31% per annum, which is higher than average national growth rate (8%~10%) used in the roads and highways design manual [4] .
Conclusions and Recommendations
Accurate estimation of traffic growth factor is essential for proper road and traffic management system. Currently, Roads and Highways Department of Bangladesh uses vehicular growth factor of 8%~10% per annum that was established in 2005. Recent severe recurrent damages of major highways are a big concern of Government of Bangladesh. As the roads of Bangladesh are designed for 8%~10% traffic growth factor, but in this study, it is found that the actual growth factor of major highways is much higher than  On the other hand, a specified data collection and preservation system in electronic format can be introduced by RHD to ensure proper data collection in tolled bridges without spending any money for data collection purpose;
 For all national highways of Bangladesh, growth factor of the vehicle is considered 8%~10% per year.
But in this research, average growth rate of total traffic in N-1, N-2 and N-5 corridors is found to be accordingly 21.03%, 23.79% and 11.17%, respectively. Therefore, up gradation of growth factor parameter is necessary for all highways in Bangladesh.
It is also to be mentioned that flat growth rate of total vehicle is not representative of all vehicles class and growth rate of individual vehicle class may be considered for more accuracy. Corridor specific traffic growth factor should be established which will help to measure future traffic demand properly;  Class wise vehicular growth factors should be considered and the same should be regularly updated using recently data;  Initiative may be taken to instruct all highway toll operators to keep flow records in hourly basis. A valuable traffic database can be generated in every corridor by introducing this technique.
